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Abstract:  Monophyly ot the bhatagurid subtfamily Geoemydinae was evalu-
ated, and phylogenetic relationships within the subtamily were intferred on the
hasis of 35 worphological characters.  Two approaches, parsimony analysis
sing the branch and bonnd algorithm, and uneighbor-joining ¢lnstering of an
absolute distance matrin, were nsed.  The resnlts of these analyses yielded
phylograms that were almost ideutical in branching topology, and poorly
snpported the monophyly of Geoemydinae, This sublamily thns seems 1o be a
metatavon, most likely consisting of the sister gronp of Batagnrinae (Geo-
emyda gronp) and a more primitive stoek ol Batagunidae (Maurenys gronp).
The Latter accommodates Maurerys and Sacalia and its monophyly is not well
supported. ‘The former cousists of the remaining ten geoemydine generw nnited
by two synapomorphies—ubsence or reduction ol the gnadratojneal, and pos-
tertorly short-sided anterior neurals.  Relationships revealed by onr analyses
necessitate some chinges in the generic classification of Geoemydinue. tirst of
all, Cistoclernmys Gray, 1863 (1ype species: Ci. flavomarginara, often synony -
mized to Cuora Gray, 1855 (type species: Cu. armboinensis), is shown 1o be a
valid genns closely related to Pyxidea and Geoernnyda rather than o Cuora
(sensu stricto). Rhinoclerms Fitzinger, 1833 (1ype species: Ko puncoularia) is
shown to be polyphyletic, and Chielopus Cope, 1870 (type species: Co rabida,
is resurrected to accommodate R, rubida and R, annnlata. The plastral hinge
seems to have evolved three times in the Batagnridae—in thie Crelermys

Notochelys clade, Cuora (sensn stricto), and the Cistoclernnvs Pyexidea chade.
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subfamilies to separate families (Batagur-
idae, Emydidae, and Testudinidae, respec-
tively) of the superfamily Testudinoidea,
making the Bataguridae the largest and
most divergent family in the order
Testudines. They also divided this family
into two subfamilies, Batagurinae and
Geoemydinae (Gaffney and Meylan, 1988).
The former currently contains 22 species of
12 genera (David, 1994; McCord and
Iverson, 1994) distributed over most of
temperate to tropical Asia, except for the
western part (Iverson, 1992). The latter
consists of 45 species of 12 genera (David,
1994; McCord et al., 1995, 2000; Fritz et
al., 1997, Fritz and Wischuf, 1997,
McCord, 1997), occurring in northern
Africa, southern Europe, most parts of
temperate to tropical Asia, central America,
and northern South America (Iverson,
1992).

The first attempt to clarify the phylogeny
of the Bataguridae was made by Hirayama
(1984) (as the Batagurinae: see above),
utilizing cladistic analyses of 37 species
representing all recognized genera mainly
on the basis of morphological characters.
Two major groups were recognized, of
which one, consisting of Batagur, Callagur,
Chinemys, Geoclemys, Hardella, Hier-
emys, Kachuga, Malayemys, Morenia,
Ocadia, Orlitia, and Siebenrockiella, was
characterized by relatively broad triturating
surfaces of jaws (=Batagurinae sensu
Gaffney and Meylan, 1988), whereas the
other, accommodating Cistocleininys,
Cuora, Cyclemys, Geoeniyda, Heosenys,
Mauremys, Melanochelys, Notochelys,
Pyxidea, Rhinoclemumys and Sacalia, was
characterized by relatively narrow tritu-
rating surfaces of jaws (=Geoemyd-
inae). Hirayama (1984), while defining the
broad triturating surfaces as a synapo-
morph of the Batagurinae, regarded the
narrow triturating surfaces in the Geoemy-
dinae as a primitive condition of the Bat-
aguridae. He thus considered Geoemydinae
as paraphyletic, with the Rhinoclemmys
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annulata-R. rubida-Geoeinyda-Cistoclemn-
mys-Pyxidea clade being monophyletic
with the family Testudinidae rather than
with the other geoemydine genera. In this
hypothesis, the Batagurinae is the sister
group of the Geoemydinae plus the Testu-
dinidae, and the Bataguridae is also para-
phyletic.

With respect to batagurine monophyly
and phylogeny within this subfamily,
Gaffney and Meylan (1988) approved
Hirayama’s (1984) view because most char-
acters Hirayama employed show a low
degree of homoplasy in their cladogram.
They also shared the view of possible
non-monophyly of the Bataguridae with
Hirayama, but doubted the geoemydine
phylogeny hypothesized by Hirayama
because of a very high degree of
homoplasy postulated therein. Since then,
no comprehensive systematic studies have
been carried out for the Bataguridae,
leaving both the geoemydine phylogeny
and the batagurid monophyly problematic.

Hirayama’s (1984) paper was essentially
an abstract of a much larger work of
character analysis (not yet published), and
thus a number of important issues, such as
detailed descriptions of character states,
were omitted (Gaffney and Meylan, 1988).
In addition, a number of taxonomic
changes have been made for geoemydine
turtles since Hirayama’s (1984) analysis
(David, 1994; Obst and Reimann, 1994;
McCord et al., 1995; Yasukawa et al.,
1996; Fritz and Wischuf, 1997; Fritz et
al., 1997; Iverson and McCord, 1997a;
McCord, 1997; Lehr et al., 1998), though a
few recent authors suspect some of these
changes to have been misled by artificial
hybrids and thus are untenable (van Dijk,
2000; Shi and Parham, 2001; Das, personal
communication). These conditions have
made it strongly desirable to conduct
additional analyses for the geoemydine
phylogeny with detailed methodological
descriptions and considerations of those
taxonomic changes. We therefore analyzed
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geoemydine phylogeny on the basis of the
morphological characters of 32 species
representing 11 gencra (i.c., more than
70% of extant species representing all
recognized genera but one).

MATERIALS AND METHODS

Representatives of the following genera
were examined (sce appendix for further
details).

Cistoclenimys and Cuora.—At present,
the genus Cistoclernmys Gray, 1863 (type
species:  Ci. flavomarginata), 1s usually
recgarded as a junior synonym of Cuora
Gray, 1856 (type species: Cu. amboinensis)
(Sites ¢t al., 1984; Ernst and Barbour,
1989; MeCord and lverson, 1991; lverson,
1992: David, 1994; Fritz and Obst, 1997;
Wu et al., 1998). Nevertheless, several
authors regard Cistoclermimys, also accom-
modating Ci. galbinifrons, as valid (c.g.,
Bour, 1980; thirayama, 1984; Gaffney and
Meylan, 1988; King and Burke, 1989; Ota,
1991; Zhao and Adler, 1993; Yasukawa
and Ota, 1999). We tentatively followed
the latter classification because of differ-
cences between the two species of Cistro-
clemmys and the remainder of Cuora sensu
lato (Cuora sensu stricto) (Iliravama, 1984;
Yasukawa, 1997), and examined the fol-
lowing species as their representatives—
Cistoclemmys  flavorarginata (13 speci-
mens), Ci. galbinifrons (7), Cuora aniboin-
ensis  (15), Cu.  aurocapitata  (4), Cu.
mecordi (6), Cu. pani (3), Cu. trifasciata
(), and Cu. zhoui ().

Among the five subspecies of Ci. galbini-
Jronx, Ci. g, serrota is most divergent,
exhibiting a weak pair of lateval keels and
serration at the posterior margin of the car-
apace (IFritz and Obst, 1997), whereas the
other four subspecies are difficudt to distin-
guish - from  cach  other  (lverson  and
MceCord, 1992a; Obst and Reimann, 1994,
Lehe et all, 1998).  Iritz and Obst (1997)
suspected full-species status ol Cr g, ser-
rata.  Our specimens of Cr. ealbinifrons

lacked fatcral keels or carapace serration
(i.c., not belong to Ci. g. serratay, but were
not identified to subspecies level.

There were no cssential differences in
characters examined among Cuora trifasci-
ata, Cu. auwrocapitata and Cu. pani,
although these species differ remarkably
from cach other in coloration. They are
probably very closcly rclated to cach other
within Cuora (MceCord and lverson, 1991).
We thus combined them into a single
operational taxonomic unit (OTU) as the
Cuora trifasciata spccics-group.

Cyclemys.—Fritz ¢t al. (1997) described
Cyclemys pulchristriata from Victnam, and
reccognized four specics, C. dentata, C.
oldhamii, C. pulchristriata, and C. (chep-
ounensis, for this genus mainty on the basis
of differences in coloration. On the other
hand, Iverson and MNecCord (1997a),
analyzing morphometric variation within
Cyclemys, described C. atripons from
southeastern Thailand and Cambodia, and
recognized only two species, C. dentata
and C. atripoas, for this genus,  As such,
the taxonomy of Cyclenys is still consider-
ably confused, strongly reqguiring further
verification. We examined 't specimens of
Cyclemiys, but most of them were skeletal
specimens and thus were not identified to
the species level,  Detecting no essential
differences in all examined characters, we
treated all of them as a single sample,
Cyclenys, in this analysis.

Geoenivda, — This is a name-bearing type
genus of the sublamily Geoemydinae. This
genus was long regarded as consisting
solety of Geoemvda spengleri, with tw
subspecies, G. s, spenglert and G s, japon
ica (c.e., Einst and Barbour, 1989 tvers
1992). Yasuhawa ct al. (1992), howes

clevated both of them to tull species, (
spenglers and G japonica, becas
remarkable morphol al

pronunent g 1pl sol 1

other. Mol (1VS6)

camparisol ] (r P2

H

Heosernivs



108

signed Heosemys silvatica- to Geoentyda.
We followed this generic arrangement like
a few other recent revisions (David, 1994;
McCord et al., 1995; Yasukawa and Ota,
1999).

McCord et al. (1995) also assigned their
new species, Geoeuryda yuwonoi, and the
two other species, Heoseniys depressa and
H. leytensis, to Geoeniyda. However,
generic status of the three species remains
controversial (Fritz and Obst, 1996; Iverson
and McCord, 1997b; Yasukawa and Ota,
1999). Recently, McCord et al. (2000)
assigned G. yuwonoi to a new genus,
Lencocephalon, and reassigned G. depressa
to Heosemys on the basis of analysis of
mitochondrial DNA variation. Since we
did not examine those three species, we
tentatively followed McCord et al. (2000).
For the genus Geoemyda as defined above,
G. japonica (13), G. silvatica (6), and G.
spengleri (12) were examined.

Heoseurys.—McDowell (1964) assigned
five species, FHeoseuys grandis, H. spinosa,
H. depressa, G. leyteusis and G. silvatica,
to Heosemys, probably on the basis of
absence of the quadratojugal (squamosal in
his terminology). He, however, did not
directly examine the latter three species, of
which H. leytensis and H. silvatica were
recently reassigned to Geoemyda (see
above). We examined H. grandis (3) and
H. spinosa (4).

Leucocephalon.—This  genus contains
only one species, Leucocephalon yuwonoi,
which was formerly assigned to Geoeniyda
or Heoseinys (McCord et al., 2000). We
have had no chance to examine this spe-
cies.

Mauremys.—This genus currently con-
sists of eight species, M. annainensis, M.
caspica, M. iversoni, M. japonica, M.
leprosa, M. mutica, M. pritchardi, and
M. rivulata (Fritz and Wischuf, 1997,
McCord, 1997), of which six, M. annaimen-
sis (6), M. caspica (1), M. japonica (10),
M. leprosa (2), M. mutica (11), and M. riv-
ulata (6), were examined. There were no
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essential differences in any character among
M. caspica, M. leprosa, and M. rivulata.
They were formerly considered as three
subspecies of M. caspica, and are most
likely monophyletic (Busack and Ernst,
1980; Ernst and Barbour, 1989; Iverson
and McCord, 1994). We thus treat them as
constituting a single OTU, the Mauremys
leprosa species-group.

Melanochelys.—This genus contains two
species, M. tricarinata and M. trijuga, of
which only M. trijuga (10) was examined.

Notochelys.—We examined six specimens
of N. platynota, the only representative of
this monotypic genus.

Pyxidea.—This is a monotypic genus
consisting solely of P. mouhotii. This
species, formerly assigned to Geoemyda
(e.g., McDowell, 1964) or Cyclemys
(e.g., Wermuth and Mertens, 1961; Prit-
chard, 1979), is treated as Pyxidea by
most recent authors (e.g., Hirayama,
1984; Ernst and Barbour, 1989; Iverson,
1992; David, 1994). Five specimens were
examined.

Rhinoclenunys.—This is the only bat-
agurid genus occurring in central and
South America, and includes nine spe-
cies: annulata, areolata, diademata,
Sfunerea, melanosterna, nasuta, pulcher-
rima, puunctularia, and rubida (David
1994). Hirayama (1984) suggested the
polyphyly of the genus, but all subsequent
authors have apparently ignored this
account (e.g., Ernst and Barbour, 1989;
Iverson, 1992; David, 1994). Therefore, we
tentatively treated them as composing a sin-
gle genus, and examined R. anuulata (2), R.
areolata (2), R. funerea (3), R. pulcherrima,
(5), R. punctularia (4), and R. rubida (1).

Sacalia.—Iverson and McCord (1992b)
recognized three species, S. bealei, S. quad-
riocellata, and S. pseudocellata, for this
genus. They showed some differences in
coloration and shell shape, but none in
internal morphology. We examined S.
bealei (2), S. quadriocellata (2), and Sacalia
sp. (2: skeletal specimens not identified at
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the species level).  Because no essential
differences existed among these specimens
in any character, we treat them as a single
OTU, Sacalia.

Batagurinac.—To evaluate states  of
characters in ingroup taxa and test their
monophyly, we cxamined 44 batagurine
speeimens ol 12 species representing all of
the currently recognized batagurine genera:
Batagur baska (2 specimens), Callugur
borneoensis (3), Chinemys reevesii (10),
Geoclemys hamiltonii (2), Hardella thurjii
(3), Hieremys annandalii (3), Kachuga
smithit  (5), Malayemys subtrijuga (4),
Morenia petersi (2), Ocadia sinensis (4),
Orlitia borneensis (1), and Siebenrockiella
crassicollis (5) (sce “Specimens Examined”
for further details). Das (2001) divided
the genus Kachuga and assigned K. spithii
and other three congeneric specics to a
separate  genus, Pangshura Gray, 1869,
usually regarded as a junior synonym or a
subgenus ol Kachiuge (Wermuth and
Mertens, 1977; Moll, 1987). However, we
tentatively treated the (wo genera as a
single unit, genus Kachuga, because both
genera are possibly valid but probably
monophyletic  (Hirayama, 1984; Moll,
1987). In the “Characters Examined and
Distribution of Their States™ section, we
refer to these species only by their generic
name. We selected two batagurine genera,
Orlitia and Sichenrockiella, as the possibly
closest outgroup of the Geoemydinac,
because these genera exhibited a particular
stimilarity, as batagurines, with the latter
by having narrow, ridgeless triturating
surtfaces, and lacking the  sccondary
palate.  Orlitia and Siebenrockiella, possi-
bly closely related to cach other, are likely
to be regarded as the most primitive
batagurines (McDowell, 1964; Carr and
Bickham, 1986; Fliravama, 1984; Galfney
and Meylan, [988).

We analvzed 35 characters: 20 for the
skhall, one Tor the hyoid apparatus, ten ol
the shell, one tor the pelvie girdle, and
three tor soft parts).  Several characters

cmployed by McDowell (1964) and
Hirayama (1984) were not used in our anal-
yses, because they showed high intraspe-
cific and/or intragencric variation in
ingroup taxa. These characters inchude:
the shape of the fissura cthmoidalis, scutel-
lation of the forearm, web of the hindlimb
digits, and subdivision of the foramen
nervi trigeminahis.  See “Characters Exam-
ined and Distribution of Their States™ Tor
further details.

A specics-character state matrix (Table 1)
was analyzed using the Branch and Bound
algorithm of PAUP (version 3.1.1., Swof-
ford, 1991) to find all parsimonious
networks, which were rooted by the
outgroup species.  All characters were sct
as ordered condition and were cqually
weighted.  Three kinds ol indices, consis-
tency index (Kluge and Farris, 1969), reten-
tion index (IFarris, 1989a), and rescaled
consistency index (IFarris, 1989b), were
calculated for goodness-of-fit statistics.

In addition, we applied a neighbor-joining
method (Saitou and Nei, 1987) Tor an
absolute distance matrix  using  the
NEIGHBOR program in PHYLIP (version
3.5¢, Pelsenstein, 1989) following Flikida
(1993). The network calculated was also
rooted by the outgroup species.  This
analysis was aimed at cvaluating  the
validity of the relationships proposed in
parsimonions trees and to assess the degrees
ol difTerentiation among samples. Since all
characters were set as ordered condition in
this study. the absolute distance (ditt |
was calculated as dHEF (v, 2 vz Tollows
SwolTordd (1991).  The resultam absol
distance matrin 18 given in Table 2

CHARACTLRS ENAMINED s\
DISTRIBUTION OF FHEFIR ST AT

We evamined states of 38 "
below  Tor ir 26
batagunne sai (Ta

Characte Uis T |
\nalvags
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TABLE 1. Species-character state matrix for the subfamily Geoemydinae and its relatives.

Samples

Geoemydinae

Cistoclemmys flavomarginata
Cistoclemmys galbinifrons
Cuora amboinensis

Cuora mccordi

Cuora trifasciata species group
Cuora zhoui

Cyclemys spp.

Geoemyda japonica
Geoemnyda silvatica
Geoemyda spengleri
Hepsemys grandis

Heoseinys spinosa

Mauremys annainensis
Mauremys japonica
Mauremys leprosa species group
Mauremys mutica
Notochelys platynota
Melanochelys trijuga
Pyxidea mouhotii
Rhinoclemmys annulata
Rhinoclemninys areolata
Rhinoclemmys funerea
Rhinocleminys pulcherrima
Rhinoclemimmys punctularia
Rhinoclemmys rubida
Sacalia spp.
Batagurinae

Orlitia borneensi
Siebenrockiella crassicollis

Characters

1 2 3
12345678901234567890123456789012345

021111?2?7200111002201220011122110010
01110011100110100101220011122110010
10000011101002200210220011022110000
00000011200002210210110010022110000
00000011200002210210100010022110000
00000011200002200210100010022110000
00000011000000000000101010021201000
02211010210110201201001110111110100
011111?7?7210110102001000110111100100
02211000210110201101001110111110100
200001?7?2000000000000001010011001000
000001?7?7000000000000001010011001000
00000000000001200000000000000110000
00000000100001100000001000011110000
00000000000001100000000000011110000
00000000000001200000000000011110000
00000011000000000000101000021200000
00000011000000100200000110011100000
02111011200110000201101110121100000
00000011201011100201000010011110000
00000010001002200200000010011110000
10000010001002200200000010011210001
10000010001002200200000010011110000
20000010001002200200000010011210001
00000011200010200201000011011110000
00000000000000000000000000011110000

20000000000100000000000000001100000
10000000000100000000001000000100000

1. Frontal exposure onto orbital rim

In Chinemys, Hieremys, Malayemys,
Morenia, and Orlitia of the batagurines,
and Heosemys grandis and Rhinoclemmys
punctularia of the geoemydines, the frontal
was separated from the orbital rim by a
strong connection between the prefrontal
and postorbital. This condition was some-

times observed in Siebenrockiella, Rhino-
clemmys pulcherrima, R. funerea, and
Cuora amboinensis. In the other species,
the frontal usually reached the orbital rim,
but was sometimes separated by a very
weak connection. We coded this character
as: (0) usually present, without prefrontal-
postorbital connection; (1) sometimes
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TABLE 2. Absolute distance matrix Tor species of the subfamily Geoemydinae and its refalives.

Samples 1 2

| Cistoclemmys flavomarginata

2 Cistoclenunys galbinifrons 9

3 Cuora arnboinensis 2015

4 Cuora mccordi 2118 7

5 Cuora trifusciata specics-group 2219 8 1

6 Cuora zhowm 2118 7 2 1

7 Cyclerys spp.

8 Geoemyda japonica

9 Geoemydua silvatica

10 Geoemyda spengleri

11 Hepsemys grandis

12 Heosemys spinosa

13 Maurerys annamensis

14 Maurerys japonica

272019161514
18202924232226
18173025242321 8
19203126252426 2 7
302522212019 7262025
282322191817 5241823 2
292419161514142421221311
2621 181514131121181910 8 5

Characlers

15 Muurewys leprosa species-group2621181514131123182110 8 3 2

16 Mauremys mutica

17 Melanochelys trijuga

18 Notochelys platynota

19 Pyxidea movhotii

20 Rhinoclemmys annulata

21 Rhinoclemmys areolatua

22 Rhinoclemuuys funerea

23 Rhinoclemmys pulcherrina
24 Rhinoclemmys punctularia
25 Rhinoclemmys rubidu

26 Sucalia spp.

27 Orlitia borneensis

28 Siehenrockiellu crassicollis

-

absent, with weak prefrontal-postorbital
connection; (2) absent, with strong pre-
frontual-postorbital connection.

2. Processus inferior parietalis

The rvight and lett processus inferior
parictalis were almost parallel in most
buatagurids.  In Cistocleuunys flavomargin-
ata, Geoemyda jupowmca, G, spenglery, and
Pyxidea, the processus were close to cach
other ventromedially, and the lower part of
the cranial cavity was strongly convergent.

261916131211

stlvatica

2722171413121222192011 9 2 3 1
919162110 81110 8 9
272019161514 2262126 9 712 9 910 Y
121324191817171112132220272224251617
2017140110 915171619161413101011 81516
26221110 9 8142022221412 8§ 9 7 6 71423 7
292512131211152325251515111210 910152610 3
2723101110 9152123231313 910 8 7
3026131413121624262614161213 111011162711
2015141110 915151617161413121211 81516 4
262120171615 9231821 8 6 § 4 23
ROIRASRD § IROIIZ26IVRMETEYESEY
30252423222111252023 8 8 7 8§ &

81524 8

8 72212

|
4

to

1 3

9121013

912101312
7 SILI023 171415131417 §
912 Y22ISISI6141718 6

34567 89101112131415161718192021222324252627

-
H

Cistoclenunys galbinifrons and Geoemyvdu
caviy

had the cranal
convergent ventradly,

aeter asg

appronimating; (2) approximating

3. loramen nerve vidan:

I'he Toranien nerst

vidin

W ls

anterorly to the anteroventral pa

processus mnferior

bordered by the processus and

most batagid spectes In

patictils,

(re

weakly

L

We coded ths char

tt

(0) almost parallel; (1) weakly



Hardella, Morenia, Cistoclemmys, Geo-
emyda, and Pyxidea, the foramen was
located posterolaterally or laterally to the
anteroventral part of the processus inferior
parietalis, bordered by the parietal, pteryg-
oid, and epipterygoid, or sometimes open
in the pterygoid (2/3 of Geoeniyda japonica
and 3/5 of G. spengleri). We coded this
character as: (0) bordered by processus
inferior parietal and palatine; (1) bordered
by parietalis, pterygoid, and epiptery-
goid; (2) usually on pterygoid.

4. Medial process of jugal

In most batagurid species, the medial
process of the jugal was moderately to well
developed, and its ventromedial tip was
expanded. In Cistoclemmys, Geoemnyda,
and Pyxidea, the process was weak and
had a tapering ventromedial tip. We coded
this character as: (0) moderate to well
developed; (1) weak.

5. Contact between jugal and pterygoid

Most batagurid species had a medial
process of the jugal which was firmly
connected with the pterygoid. In Cisfo-
clemmys flavomarginata, Geoeniyda, and
Pyxidea, the connection was usually absent
or very weak if present. We coded this
character as: (0) present; (1) usually absent
or very weak.

6. Quadratojugal

Among batagurines, Callagur, Batagur,
Chinemys, Geoclemmiys, Hardella, Malay-
emys, and Orlitia had a massive quadrato-
jugal, whereas in Kacliuga, Morenia,
Ocadia, and Siebenrockiella the quadra-
tojugal was small to moderate in size.
On the other hand, most geoemydines
had a much smaller quadratojugal,
although this element was moderate in
size in Maunrentys and Sacalia, and was
exceptionally  elongated but laterally
strongly compressed in Geoenmyda spen-
gleri. Hiereniys, Cistoclemmnys flavomiargi-
nata, Geoemyda silvatica, and Heoseniys
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had no quadratojugal at all. We coded this
character as: (0) present; (1) absent.

7. Contact between quadratojugal and
squainosal

In batagurines exclusive of Hieremys, the
quadratojugal was firmly connected to the
squamosal as well as to the quadrate and
the jugal. On the other hand, the quad-
ratojugal was absent (se¢ above), or if
present, did not usually contact the squa-
mosal in most geoemydines. In Geoemyda
spengleri, Mauremys and Sacalia, however,
a weak contact was usually present. We
coded this character as: (0) usually present;
(1) absent; (?) no quadratojugal.

8. Contact between jugal and quad-
ratojugal

The contact between the jugal and the
quadratojugal was present in batagurines
except for Hieremys, while it was usually
absent in the geoemydines. A weak contact
was present in Geoeniyda japonica, G. spen-
gleri, Manremys, Rhinocleninys areolata,
R. funerea, R. pulcherrima, R. punctularia,
and Sacalia. We coded this character as: (0)
present; (1) absent; (?) no quadratojugal.

9. Bony beak of upper jaw

Most batagurid turtles had a shallow
notch on the anteroventral margin of the
unhooked bony beak composing the upper
jaw. The corresponding portion was
usually flat, or sometimes only weakly
notched, with or without making the ante-
rior portion hook-shaped as a whole, in
Kachuga, Cuora amboinensis, Cistocler-
niys galbinifrons, and Mauremys japonica.
In Cistoclemmys flavomarginata, Cuora
exclusive of Cu. amboinensis, Geoemyda,
Pyxidea, Rliinoclemimys annulata, and R.
rubida, the beak was unnotched and,
slightly but distinctly hooked. We coded
this character as: (0) notched and
unhooked; (1) usually flat, but sometimes
with a very weak notch or hook; (2)
unnotched and distinctly hooked.
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10. Veutrowedial weeting of maxillae
at bony beak of upper jaw

In most batagurid genera, the tip of the
bony beak of the upper jaw was formed
by the premaxilla, sometimes with very
weak participation of the maxilla.  In
Geoemyda, the right and left maxillac
were  firmly  connected  ventromedially
with cach other, forming the beak. We
coded this character as: (0) absent or
sometimes present but very weak; (1)
present.

11. Serration of upper labial margin of
nraxilla

Batagur, Callagur, flardella, Kachuga,
Morenia, and Ocadia of the batagurines
had moderate to strong serration at the
upper labial margin  of the maxilla,
whereas the other batagurines and most
geocmydines did not have such serration.
Rhinoclemmys speecies  except  for R,
rubida had the serration weaker than in
the above mentioned batagurines.  We
coded this character as: (0) absent; (1)
present.

12. Size aud shape of forawmen palati-
nuur posteriis

The foramen palatinum  posterius  was
small and round in Cistoclemmys, Geo-
emyda, and Pyxidea, as well as in the
batagurines. On the other hand, the fora-
men was large, and clliptic or oval, about
two times longer than wide, in the other
geoemydines.  We coded this character as:
(0) large, and clliptic or oval; (1) small and
round.

13. sliteroredial portion of upper (rii-
urating surface

In Orfina and Sichenrockiellu, and most
geoemydines, the anteromedial portion of
the upper triturating surface was narrower
than the posterior portion, and the poster-
oventral portion of the premanilla was
excluded from the surtace.  In Ciscoclem-
nvs, Geoewvda, Pexudea, Riunoclemmys

annulata, and R. rubida, the anteromedial
portion of the upper triturating surface was
expanded medially and broader than the
posterior portion, and the posteroventral
portion of the premaxillac participated in
the triturating surface. This character state
was usually observed in the batagurines
exeept for Orlitia and Siebenrockiella. The
posterior triturating surface was very
narrow in Cistoclemmys, Geoemyda,
Pyxidea, R. annulata and R. rubida,
whereas it was broad in batagurines. We
coded this character as: (0) narrower than
posterior portion; (1) relatively narrow but
expanding medially; (2) broad and expand-
ing medially.

14. Coutact between maxilla and voer

A firm connection between the maxilla
and vomer usually existed in most batagurid
species.  On the other hand, the contact
was absent in Cuora, Rhinoclennys
areolata, R. funerea, R. pulcherrinma, and
R. punctularia, and it was very weak or
sometimes absent in Cistoclenunys  flu-
vomarginala, Maurenys, and Rhinoclem-
mys annulara. We coded this character as:
(0) present; (1) very weak, somectimes
absent; (2) absent.

15. Position of foramen praepalatinum
In Cistoclemmys  fluvomuarginata,
Crclemys, Heosemys, Notochelys, Pyy
idea, and Sacalia, as well as i all batagur
incs, the Toramen pracpalatinum  was
located between the premanilla and the
vomer. In contrast, the foramen opened
within the premaxilla in Crora, Geoernr
Juponica, (. spenglerr, Mauremivs anr
enxis, M. wmunica, and
except for R annulata
cmydines, the foramen was s
near the siture baween the prer
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16. Notch of prefrontal at posterior
orbital margin

The prefrontal was usually shallowly
notched at the posterior orbital margin in
the Cuora trifasciata species-group and Cu.
mccordi. Such a notch was absent in the
other species. We coded this character as:
(0) absent; (1) mostly present.

17. Contact between maxilla and pteryg-
oid

The maxilla contacted the pterygoid in
most batagurid species. On the other
hand, such a contact was absent in Cisto-
cleminys flavomarginata, and was very
weak or sometimes absent in Geoeniyda.
We coded this character as: (0) present; (1)
very weak or sometimes absent; (2) absent.

18. Prootic participation in processus
trochlearis oticum

Cyclemys, Geoemyda silvatica, Heos-
emys, Mauremys, Notochelys and Sacalia,
as well as batagurines, had the processus
trochlearis oticum mainly formed by the
prootic. In Cistoclemimys flavoniarginata,
Cuora, Geoemyda japonica, Melanochelys,
Pyxidea, and Rliinoclemnmys, the prootic
exposure was distinctly reduced, with the
processus mainly formed by the quadrate.
In the other geoemydines, the processus
was formed by both prootic and quadrate.
We coded this character as: (0) mainly by
prootic; (1) by both prootic and quadrate;
(2) mainly by quadrate.

19. Quadrate participation in canalis
Cavernosuim

The quadrate participated in the canalis
cavernosum in Crora, while it usually did
not in the remaining batagurids. We coded
this character as: (0) absent; (1) usually
present.

20. Hyoid apparatus

In most batagurid turtles, the hyoid was
well ossified, and the second pair of bran-
chial horns was slightly shorter than the
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first. On the other hand, the hyoid was
weakly ossified (rather cartilaginous), and
the second pair was much shorter than the
first in Cistocleminys, Geoemyda, Pyxidea,
Rhinoclemmys annulata, and R. rubida.
We coded this character as: (0) well
ossified with second branchial horns
slightly shorter than the first; (1) weakly
ossified with second branchial horns much
shorter than the first.

21. Plastral hinge

The plastral hinge was present in Cisto-
clemimys, Cuora, Cyclemys, Notochelys,
and Pyxidea. They also possessed a well to
extensively developed musulus testoscapu-
laris and m. testoiliacus, which were associ-
ated with shell closure (Bramble, 1974).
Among them, only Cuora aniboinensis and
Cistoclenmys closed both anterior and
posterior plastral lobes without gaps
between the carapace and plastron. We
did not examine the condition of the
muscles in Batagur and Geocleininys,
which lack a plastral hinge. The other
species lacked a plastral hinge and m. test-
oscapularis and m. testoiliacus were poorly
developed. We coded this character as: (0)
absent; (1) present but impossible to close
without gaps; (2) present and possible to
close without gaps.

22. Anal notch of plastron

The plastron was distinctly notched
posteromedially at the anal scutes in most
batagurids. However, the notch was very
shallow in Cuora mccordi, and absent in
Cistocleminys, and Cuora amboinensis.
We coded this character as: (0) present; (1)
present but very shallow; (2) absent.

23. Serration at posterior margin of
carapace

Hieremys, Siebenrockiella, Cyclemys,
Geoemyda japonica, G. spengleri, Heose-
mys, Mauremys japonica, Notochelys, and
Pyxidea had strong serration at the poste-
rior margin of carapace. In the other
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species, the serration was absent or weakly
developed only in young individuals.  We
coded this character as: (0) absent, or weak
and only in young individuals; (1) strong.

24. Longitudinal keels on carapace

Chinemys, Geoclemys and Malayemys of
batagurines, and Geoemyda, Melanochelys,
and Pyxidea of the gecoemydines had three
longitudinal rows of strong kcels on the
carapace with distinct ridges on the bony
plates. In the other batagurid specics, only
the medial keel was usually developed: the
lateral keels were absent or, if present, very
weak without distinct ridges on the bony
plates.  We coded this character as: (0)
weak, usually in a single row; (1) promi-
nent, in three rows.

25. Anterior part of neural bones

In Hieremys of the batagurines and the
gecocmydines  cxclusive of  Mauremys,
Sacalia, and Norochelys, the antenior
neurals were usually hexagonal with poste-
rior sides shorter than anterior sides.  1In
the other species, the neurals were also
usually hexagonal but the anterior sides
were shorter than the posterior sides. We
coded this character as: (0) short-sided
antertorly; (1) short-sided posteriorly.

26. Sutures between lateral sides of

seventh and eighth pleurals

In most batagurids, the seventh and
cighth pleurals on cach side were sepa-
rated by the cighth neural and the ante-
rior suprapygal. In Cistoclemmys, Cuora
amboinensis, and  Rhnoclemmys rubida,
the cighth neural and the anterior suprapy-
gal were usually absent, and the lateral
sides of seventh and cighth pleurals were
sutured with cach other.  We coded this
character as: (0) absent; (1) present.

27. Cloacal hursae

I'he cloacal bursae were present in most
batagurids, while 1t was much reduced or
completely lost in Cistoclemimys, Pyvyidea,

and Geoemyda. We could not examine the
condition of this character in Batagur and
Geoclemmys. We coded this character as:
(0) present; (1) much reduced or lost.

28. Axillary plastral buttress

In Chinemys, Hieremys, and Morenia ol
the batagurines, and in most geoemydines
having no plastral hinge, the dorsal portion
of the axillary plastral buttress was
connccted around the portion between the
peripherals and the costals, and the
connccted portion was distinetly concave.
In all gecoemydines having a plastral hinge
(Cyclemys, Notochelys, Cuora, Cistoclem-
mys, and Pyxidea: scc above) the dorsal
portion of the buttress was very short and
connected to the peripherals, and the
connccted portion was not or only scarcely
concave. In Mauremys annamensis of the
geoemydines, and in Geoclemys, Malay-
emys, Orlitia, and Siebenrockiella of the
batagurines, the dorsal portion of the
buttress was long, expanded, and strongly
conncected to the costals, and the connected
portion was distinctly concave. In the
other batagurines, the buttress was much
more developed than in M. annamensis,
Malavemys, Orlitia, and Siebenrockiclla,
and was very strongly connected to the
costals, almost rcaching the ribs.  We
coded this character as: (0) very strongly
connected to costals, almost reaching ribs;
(1) strongly connected to costals: (D)
conncected around the portion between
peripherals and costals; (3) weakly con.
nccted 1o the peripherals.

29. Inguinal plaxtral buttress

In Chinemys, Malavemys, Mo
and Orlitie of the batagurines, and
geocmydines, the dorsal  po
inguinal plastral buttress wa
around the suture between th
als and the ads
portion was Iy \/
aemnvs dnnagn H ( A Y
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buttress was long, expanded, and
strongly connected to the costals, and
the connected portion was distinctly
concave. In Hieremys, Cistoclemmys,
Cuora, and Pyxidea, the dorsal portion
was very short, and the connected por-
tion was not concave. In the other
batagurines, the buttress was strongly
developed, almost touching the rib. We
coded this character in the same way as
Character 28.

30. Internal choanae

Parsons (1960) examined the structure of
the choanae for most batagurids. We fol-
lowed his terminology for the structure.
Our examination revealed that Cliinemys,
Hiereuiys, Ocadia, Orlitia, and Siebenrock-
iella of batagurines, and most geoemydines
had the internal choanae with a flap or a
ridge. Some specimens of Maiiremnys
mutica, Rliinoclemmys pulcherrima, and
Cistoclemmys  flavomarginata had the
internal choanae with a very weak flap,
resembling a ridge. In Mauremys rivilata,
M. mutica, Melanoclelys, and Rliino-
clemunys pulclierrima, some specimens had
a flap and others had a ridge. The internal
choanae had a small papilla in Callagur,
Hardella, Kacliuga, Morenia, 2/4 of
Notoclelys,  Cyclenmiys,  Rhinoclemnimys
Sunerea, and R. punctularia. The internal
choanae lacked a papilla, flap, or ridge in
Malayemys and Heoseinys. We could not
examine this character state in Batagur and
Geoclemys. We coded this character as:
(0) without papilla, flap, or ridge; (1) with
flap or ridge; (2) usually with papilla.

31. Skin of posterior head

The skin of the posterior head was
smooth in most geoemydines, but subdi-
vided into small scales in Cyclemys, Geo-
emnyda silvatica, Heosemys, Melanochelys,
Notochelys, and Pyxidea of the geoemy-
dines, as well as in the batagurines. We
coded this character as: (0) subdivided into
small scales; (1) smooth.
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32. Radiated markings on plastron

Radiated markings were observed on
each plastral scute in Cyclemys and Heos-
emys. We coded this character as: (0)
absent; (1) present.

33. Entoplastron

In turtle taxonomy, many authors paid
attention to whether the entoplastron was
intersected by the humero-pectoral seam
(e.g., Boulenger, 1889; Smith, 1931; Bour-
ret, 1941, Pritchard, 1979; Ernst and
Barbour, 1989). Our examination revealed
that among batagurines, the state of this
character was variable, seemingly reflecting
the phylogeny (Hirayama, 1984). On the
other hand, the entoplastron was consis-
tently intersected by the seam in all the
geoemydines but Geoemyda silvatica.
Therefore, the absence or presence of the
intersection was not informative for the
inference of geoemydine phylogeny. In the
specimens of G. silvatica examined by us,
the entoplastron was intersected by the
seam near the posterior rim (4/5) or over-
lapped by the seam at the posterior rim
(1/5). We thus considered that the absence
of the intersection represented rather minor
individual variation in this species,
although Moll et al. (1986) reported the
absence of intersection of entoplastron by
the humero-pectoral seam in this species.

We also examined whether the entoplas-
tron was intersected by the gulo-humeral
seam. In most batagurid species, the
entoplastron was intersected by this
seam or barely separated from it (1/10
of M. mutica and 2/9 of Sacalia), but in
Geoemyda the entoplastron was in a
separate location posterior to the gulo-
humeral seam. We coded the character as:
(0) entoplastron mostly intersected by gulo-
humeral seam; (1) entoplastron separated
from gulo-humeral seam.

34. Antero-dorsal portion of iliac blade
In most batagurids, the antero-dorsal
portion of the iliac blade was about as
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long as its postero-dorsal portion (Fig. 1b,
c-j). Only in Cistoclenunys, the antero-
dorsal portion was about two times longer
than the postero-dorsal portion (IYig. Ic, d).
We coded this character as: (0) as long as
its postero-dorsal portion; (1) two times
longer than its postero-dorsal portion.

35. Smuall foramen on ventral maxilla

Rhinoclemmys funerea and R. punctit-
larie usually had a very small foramen on
the ventromedial portion of the maxilla.
Such a loramen was absent in the remaining
batagurids. We coded this character as: (0)
absent; (1) usually present.

RESULTS
All characters examined were informative

for the inference ol relationships among
the 26 geoemydine OTUSs.

Three cqually parsimonious trees (tree
length=107; consistency dex (C1)=0.449;
retention index=0.762; rescaled consistency
index=0.342) were detected.  Mauremys
Japonica, the M. leprosa species-group,
and the M. annwnensis-M. mutica clade
were trifurcated in all trees.  These trees

differed from cach other in topology
involving  Rhinoclemmmys —annulata, R,

rubida, and the Geoemyda-Cistoclemnmys-
Pyxidea clade. In the strict consensus tree
(Fig. 3), therefore, their relationships were
also expressed as trifurcated.

The consistency index for these data was
low (CI=0.449). However, this index is
known to be highly negatively correlated
with numbers ol OTUs included in an anal-
ysis (Sanderson and Donoghue, 1989; Klas-
sen et al., 1991). Our analysis involved a
relatively large number of OTUSs (28), and
the vatue, while being similar to that in a

f g
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Orlitia borneensis

Siebenrockiella crassicollis

Sacalia spp.

Mauremys leprosa species group

>|

Mauremys japonica
\—E Mauremys mutica
D Mauremys annamensis

Notochelys platynota
G_E Cyclemys spp.

of

Heosemys spinosa

H Heosemys grandis

Melanochelys trijuga

Rhinoclemmys areolata

<

Rhinoclemmys pulcherrima

Rhinoclemmys funerea
Rhinoclemmys punctularia

Cuora amboinensis

Cuora zhoui

Cuora trifasciata species group
N Cuora mccordi
Rhinoclemmys annulata

Rhinoclemmys rubida

—— Pxyidea mouhotii

Q Cistoclemmys galbinifrons
AL

Cistoclemmys flavomarginata

—— Geoemyda silvatica

S Geoemyda spengleri
A

Geoemyda japonica

F1G. 3. Strict consensus cladogram of the subfamily Geoemydinae and its relatives.

previous empirical study dealing with a
comparable number of OTUs (0.451 for
28 taxa: Sanderson and Donoghue, 1989),
was much greater than that expected for
random data (0.131 for 28 taxa; Klassen et
al., 1991). Thus, we consider the mono-
phyletic groups indicated in our results
significantly realistic.

At the root of the Geoemydinae (Stem
A), characters 1-27 and 31-35 were in the
“0” state, whereas the characters 28-30
were “1”.  We regarded these character
states as ancestral within the Geoemydinae.
Putative changes of character states in each
major stem are given in Table 3.

Supposing that all character states in the
outgroup represent primitive conditions,
the monophyly of Geoemydinae (Stem A)
was supported by three character states:
character 1 (state 0), presence of frontal
exposure on orbital rim; 12 (0), large
foramen palatinum posterius with elliptic
or oval shape; and 28 (2), axillary plastral
buttress connected around the portion
between peripherals and costals.

One synapomorphic character state, 31
(1) (smooth skin of posterior head), sup-
ported the Mauremys-Sacalia clade (Stem
B), which we henceforth call the Maureinys
group.
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TasLl 3. Putative  changes  of  character
states in major stems of Geocemydinac. Letters
denoting stems refer to those in Fig, 3.

Stem Character Change
A 1 1100
12 1100

28 1to?2

3 31 0tol
C 14 Otol
15 Otol

D 15 1to2
t 7 0to 1l
8 0tol

25 0tol

F 23 0tol
32 0Otol

G 21 0Otol
28 2103

30 1102

11 6 Otol
30 1to0

1 I5 0tol
18 0to 2

} 9 0t l
31 0Otol

K 11 0101
14 Oto2

15 1102

1. 8 1 to 0
9 1100

M 19 Oto 1
21 0tol

28 2103

29 2103

N 16 Otol
(@] Y lto2
13 0O tol

20 0101

18 i 0102
3 Otol

o Bro |l

2 Otol

12 o |

24 Otol

27 Otol

Q 15 1 to0
21 0tol

28 2103

29 2103

R 21 1to2
22 0to2

24 1100

26 Ot 1

34 0to 1

S 8 1100
10 0to 1

17 Oto 1l

18 210l

33 Oto 1

T 3 1to2
5 1102

23 0101

The genus Mauremnys (Stem C) was
supported by two character states: 14 (1),
maxilla sometimes contacting vomer; and
15 (1), foramen pracpalatinum sometimes
opening within premaxilla. Auwtapomorphy
ol Sacelic was not detected.  The M.
aunmmensis-N. mutica clade (Stem D) was
supported by 15 (2), foramen pracpalati-
num opening within premanilla.

Stem E, hencelorth referred o as the
Geoemyda gronp, was supported by three
synapomorphic character states: 7 (1),
absence ol the squamosal-guadratojugal
contact; 8 (1), absence ol the jugal-guadra-
tojugal contact; and 25 (1), anteno
neurals with shorter posternior sides. The
Tormer two character states are seemingly
associated  with the reductnion ot the
guadratojugal.  The state of the thard char
acter was constant within the group exeept
Tor Norochelvs.,

The Notochelvs=Cvelemyvs - HHeosenivs
clade (Stem ) was supported by two
synapomorphic character stares: 23 (1),
strong scrration at postenor maigin ol

carapace: aund 32 o), presence ot alcy
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markings on plastron. The Notoclielys-
Cyclemys clade (Stem G) was supported by
three synapomorphic character states: 21
(1), plastral hinge not closing without gap;
28 (3), very weak axillary plastral buttress;
and 30 (2), internal choanae usually with a
small papillia. Monophyly of Heoseniys
(Stem H) was supported by two synapo-
morphic character states: 6 (1), loss of
quadratojugal; and 30 (0), internal choanae
without ridge, flap, or papillae. The latter
was unique among the geoemydines.
Heoseniys was the sister group of the
Notochelys-Cyclemys clade.

Stem I was supported by two synapo-
morphic character states: 15 (1), foramen
praepalatinum sometimes opening within
premaxilla; and 18 (2), processus trochle-
aris oticum mainly formed by the
quadrate. Stem J was supported by two
synapomorphic character states, 9 (I:
usually flat jaw beak) and 31 (1: smooth
posterior head skin), whereas M. trijuga
had one autoapomorphic character state,
24 (1: three prominent keels).

Rhinoclemnrys was shown to be poly-
phyletic, consisting of two groups, Rhino-
clemmys A (areolata, funerea, punctnlaria
and pulcherrima) and Rliinoclemmys B
(annulata and rubida). The Rlirnocletiniys
A-Cuora clade (Stem K) was supported by
three character states: 11 (1), very weak
serration of upper labial margin; 14 (2),
absence of the maxilla-vomer contact; and
15 (2), location of foramen praepalatinum
within premaxilla. Within this clade,
monophyly of the Rhinocleminys A (Stem
L) was supported by two character states, 8
(0: the jugal-quadratojugal contact) and 9
(0: notched and hooked beak of upper
jaw), whereas the R. funerea-R. puncti-
laria clade was supported by a unique
synapomorphic character state 35 (1: usual
presence of small foramen on ventral
maxilla). Cuora (Stem M) was further
supported by four synapomorphic character
states: 19 (1), quadrate participation into
canalis cavernosum; 21 (1), presence of
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both plastral hinge and gap between closed
shells; 28 (3), very weak axillary plastral
buttress; and 29 (3), very weak inguinal
plastral buttress. The Cunora trifasciata
species group-Cu. mccordi clade (Stem N)
was supported by a unique character state:
16 (1), prefrontal notched at posterior
orbital margin.

Although there were no synapomorphies
uniting the Rhinoclenimys B, the Rhino-
clemys B-Cistocleininys-Pyxidea-Geo-
enyda clade (Stem O) was supported by
three character states: 9 (2), unnotched and
hooked upper jaw beak; 13 (1), anterome-
dial portion of triturating surface expanding
medially; and 20 (1), reduction of hyoid
apparatus.

Monophyly of the Cistoclennirys-Pyxidea-
Geoemyda clade (Stem P) was supported
by seven synapomorphic character states,
3 (1), foramen nervi vidiani located
anteroventrally or laterally to anteroventral
part of processus inferior parietalis; 4 (1),
medial process of jugal with small tip; 27
(1), strong reduction or loss of cloacal
bursae; 2 (2), strong ventral convergence of
cranial cavity; 5 (1), usual absence of the
jugal-pterygoid contact; 12 (1), small and
round foramen palatinum posterius; and 24
(1), three prominent keels on carapace.
The former three were unique among geo-
emydines. The Cistoclenimnys—Pyxidea clade
(Stem Q) was monophyletic on the basis of
four character states: 15 (0), foramen prae-
palatinum located between premaxilla and
vomer; 21 (1), presence of plastral hinge;
28 (3), very weak axillary plastral buttress;
and 29 (3), very weak inguinal plastral
buttress. Validity of Cistoclentmys (Stem
R) was supported by five synapomorphic
character states: 21 (2), plastral hinge
closing shell without gap; 22 (2), absence
of anal notch of plastron; 24 (0), usual
absence of lateral keels on carapace; 26 (1),
presence of sutures between lateral sides of
seventh and eighth pleurals; and 34 (1),
very long anterodorsal portion of iliac
blade (unique in geoemydines, Fig. 1c, d).
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Siobenrockielia crassicoliis
[—Orlitia borneeonsis

Sacala spp.

auremys japonica
-Mauromys loprosa species group
Mauromys mutica

Mauremys annamensis

Notocholys platynota
Cyclomys spp.
Hoosomys spinosa
Hoosemys grandis
Melanocholys tryuga

Rhinoclommys aroolata
Rhinoclemmys pulchornma
Rhinaclemmys funerea
Rhinoclemmys punctularia

Cuora zhout

Cuora trifasciata species group
Cuora mccordi

_:_Tnnoclammys annulata
Rhinoclemmys rubida

Pxyidoa mouhoti
_:‘:C:sloclemmys galbinifrons

Cuora ambomnonsis

Cistoclemmys flavomarginata

—_— Geoomyda stivatica
’—:‘_—Gmamyml spenglern

G, 4.

Pyxidea had two autoapomorphic charac-
ter states: 23 (1), strong scrration of poste-
rior carapace margin; and 31 (1), posterior
head skin subdivided into small scales.
Monophylty of Geoemyda (Stem S) was
supported by Tive character states: 10 (1),
ventromedial mecting of maxitlae; 33 (1),
centoplastron separated ITrom guto-humeratl
scam; 8 (0), presence of the jugal-quadra-
tojugal contact; 17 (1), very weak maxilta-
pterygoid contact; and 18 (1) processus
trochlearis oticum lormed with prootic and
quadrate. The Tormer two character states
were unigue in the Bataguridae.  In addi-
tion, the G. spengleri-G. japonica clade
(Stem 1) was supported by three synapo-
morphic character states: 3 (2), foramen
nervi vidhant sometimes located on ptery-
goid; 15 (2), loramen pracpalatinum open-
ing within premaxitla; and 23 (1), strong
serration  at - posterior  carapace  margin.
Fhe Tirst was unicue within the Batagur-
idace.

The phylogram, obtained by the neighbor-
joining (NI) method wsing an absohite
distance matrin is shown m g, 4. This

Geoomyda faponica

Phylogram by ncighbor-joining method of the subfamily Geoemydinae and its relatives.

phylogram is largely identical in topology
with the strict consensus tree from the
parsimony analysis (Fig. 3), and thus is
interpreted as supporting the vatidity of the
latter. Onc ol the difTerences between the
strict consensus tree andd the NJ phylogram
lay in the relationships within the Riino-
clemmys A. 1n the latter tree, R. pulcher-
rima was united not with the R. funerea-R.
punctularia group but with R. arcoluta.
Another difference was in the relationships
among R, annulata, R. rubida, and the
Cistoclemnmyy-Pyxidea Geoemydu
In the NJ phylogram, R. annulata and K.
rubida were united, collectively constituting
the first outgroup to the Cistoclemmyvs
Pyyidea-Geoerivda group.

group.

DISCUSSON

Monophyiy of the Bataguridae

Based on the analyses ot morphol
and nuthochondrial DNA character
major testudine taxa wmeluding one ba
e, one geocimvdhine, thiee cmve
one testinhinud gencra, Sha
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argued that both Bataguridac and Emy-
didae are probably monophyietic, and that
the latter is the sister group of a clade
consisting of the former and the Testu-
dinidac. Recently we also found states
of two morphological characters (i.c.,
well developed foramina of axillary and
mguinal musk ducts with penetration into
the breast chamber, and anterolaterally
flarcd iliac blade [Fig. 2]) that scemingly
lend further support to the monophyly
of the Bataguridac (Yasukawa, 1997;
Hirayama, Yasukawa and Aoki, unpub-
lished data), because they occur in most
batagurid turtles but not in the Emydidac
or Testudinidac. In our examinations, the
former character state occurred in all
batagurids exclusive of Morenia.  Musk
duets and indistinct musk foramina also
exist in some non-testudinoid families of
turtles, such as the Chelydridae, Chelydae,
Kinosternidac, and Platysternidae, and their
occurrence is thus likely to represent primi-
tive conditions in the Testudines (Gaffney
and Meylan, 1988). llowever, develop-
ment ol musk duct foramina to the point
of rcaching the breast chamber is a condi-
tion unique to the Bataguridace (Hiravama,
Yasukawa and Aoki, unpublished data).
On the other hand, an antcrolaterally
flared iliac blade was observed in all
batagurid, but not in other turtles includ-
ing those belonging 10 non-testudinoid
families.  We excluded these characters
from our analyses, since these are obvi-
ously not informative for the inference of
rclationships  among  the  geoemydines.
However, the states of these characters are
possibly synapomorphs of the Bataguridae.
I'hus, in the sections below we take an a
priori assumption ol the batagurid mono-
phyly.

Fia, 2. Dorsal views ol pelvie girdles

Chunernivs reevesu; Geoemvdinac: (©) Mawremvs japonicd, |
ata, (D Rlunoclemmyvs pulcherrima inanm, (g) (

Geoemvda japonica

[3%]
A8}

Monophyly of the Geoeniydinae

MeDowell (1964) referred to two charae-
ter states as discriminating Geoemydinac
from Batagurinac—narrow and flat tritu-
rating surfaces, and reduetion or abscnce
of the quadratojugal. The former probably
represents a primitive condition of the
Testudinoidea (Hirayama, 1984; Gaffney
and Meylan, 1988). In this study, thc latter
condition is observed in the Geoemyda
group cxclusive of G. spengleri.  Because
the Mauremys group had a rclatively large
quadratojugal as in KNachuga, Ocadia,
Odsrlitia, and Siebenrockiella, it scems 1o
be more appropriate to consider the redue-
tion or absence of the quadratojugal as a
characteristic of the Geoemyda group
rather than as a synapomorph of the Geo-
cmydinac.

Hirayama (1984) considered that the
subdivision of the foramen nervi trigemina-
lis, obscrved in more than 40%% of the spec-
imens examined for cach geoemyvdine
specices, is a synapomorph of the Geoemyd-
inac besides the loss or reduction of the
quadratojugal.  However, Gallney and
Meylan (1988) were concerned about such
an inconsistent oceurrence of the former
character state, and argued that its use at
this Ievel was dubious.  Our additional
observations also confirmed the remarkable
variability of this character at the intraspe-
cific level (Yasukawa, unpublished obser-
vation). Therelore, we did not include this
character in our phylogenetic analyses.
Although Gaffuey and Meylan (1988)
regarded the loss or reduction ot the
quadratojugal as “relatively consistent™ an

state  turncd

gcoemvdines, thas character
out to be contfmed to the Geoemvda group
alone (see above).

Our andlyses vielded states « C |
acters as possibly supporiing n

s didae: ta) rachernns .

\Y A i (

I
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TABLE 4. Classifications = of geoemydine
turtles of the family Bataguridae, derived from
results of this study. “*”: species not examined;
“?7: species of dubious generic allocation.

Testudinoidea
Testudinidae
Emydidae
Bataguridae

Batagurinae
Geoemydinae
Geoemyda group 11 genera34 species

Genus Chelopus
C. annulatus
C. rubidus

Genus Cistocleniniys

2 species

2 species
C. flavomarginata
C. galbinifrons

Genus Cuora 7 species

C. amboinensis

. aurocapitata

. mccordi

. pani

. trifasciata

. yunnanensis*

OO0

C. zhoui
Genus Cyclentys 4 species
C. dentata

C. oldhanii

C. pulchristriata
C. tcheponensis
Genus Geoeinyda 4 species
G. japonica

G. silvatica

G. spengleri

?G. leytensis*

Genus Heosemys

H. depressa*

H. grandis

H. spinosa

Genus Leucocephalon

3 species

1 species
L. ynwonor*
Genus Melanochelys 2 species
M. tricarinata®

M. trijuga

Genus Notochelys 1 species
N. platynota
Genus Pyxidea 1 species

P. mouhotii
Genus Rhinoclemniys 7 species
R. areolata
R. diademata*
R. funerea
R. melanosterna*
R. nasuta*
R. pulcherriina
R. punctularia
Mauremys group

Genus Mauremnys

2 generall species
8 species

M. annamensis

M. caspica

M. iversoni*

M. japonica

M. leprosa

M. mutica

IM. pritchardr*

M. rivulata

Genus Sacalia

S. bealei

S. pseudocellata®

3 species

S. quadriocellata

the Geoemydinae: 1 (0), presence of frontal
exposure on orbital rim; 12 (0), large and
elongated foramen palatinum posterius;
and 28 (2), axillary plastral buttress
connected around the portion between
peripherals and costals. Of these, however,
the first and the third were also observed in
various species of the Batagurinae (Table
1), Emydidae, and Testudinidae (Gaffney,
1979; Yasukawa and Hirayama, unpub-
lished data), and thus seemingly represent
primitive conditions of the Testudinoidea.
The second was observed in all geoemyd-
ines except for the Cistoclemmys-Pyxidea-
Geoemyda clade and thus may be a syn-
apomorph of the subfamily. However, we
failed to determine whether this state repre-
sents a derived or primitive condition,
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because the character 1s highly variable
within the Testudinoidea (Gaffney and
Meylan, 1988; Yasukawa, unpublished
data), and is also scen in Mesozoic prim-
itive testudinoids such as Mongolemnys
(Hirayama, unpublished data).

There are no synapomorphs clearly
supporting the monophyly of Geoemydinac.
The character states shared by most
members of this subfamily largely represent
primitive conditions in the Bataguridac
(Hirayama, 1984; Table 1). This may
suggest the paraphyletic nature ol the
Geoemydinace as an assemblage of primitive
stocks of the Bataguridac. Nevertheless,
because we could also detect no synapo-
morphs supporting sister group relationship
with the Batagurinae of any particular
clade within the Geoemydinae, this problem
remains 1o be readdressed on the basis of
additional data. In consideration of taxo-
nomic stability, we propose to temporarily
rcetain the recognition of the subfamily
Geoemydinae as a “mctataxon”, for which
no character evidence supports or negates
the monophyly (Gauthier ct al., 1988).

Our analyses revealed that the Geoemyd-
inac consists of the Mauremys and the
Geoemyda groups. In the following sub-
sections, we discuss the phylogeny within
cach ol these groups.  We also propose
several modilications 1o the classilication
by David (1994) (Table 4) on the basis of
cvolutionary relationships revealed in this
study.

Mauvemys group

The results of this study may support the
monophyly of the Mauremys group as
consisting ol Mauremyy and Sacelie with
one synapomorph (31 [1]. smooth skin ol
the posterior head). Even so, however, this
character state was also observed in Stem |
except Tor Geoemvda silvanca and Pryxidea.
Ilas suggests that 31 (1) has evolved more
than one tume i the Geoemydmae, and
reduces it value as evidence tor monophyly

ol the Mauremys group.  Other character

[39)
()

states exhibited by Mauremys and Sacalia
seem to mostly represent primitive condi-
tions ol the Geoemydinac (Table 1), or ol
the whole family Bataguridac (Hirayama,
1984). Thus, the Mauremys group may be
relerred to as the primitive stock of this
family.

Monophyly of the genus Mauremys was
supported by two character states, 14 (1)
and 15 (1), while Sacalia c¢xhibited no
autapomorphs in our parsimony analyses.
MeDowell (1964) suggested that Sacalia is
discriminated from Mawuremys in four char-
acter states.  Of these, however, only one
(a few very large scutes without intervening
granules on forcarms) i1s a possible synapo-
morph of the Secalia specics. Although we
did not employ scutelation of the forearm
in the phylogenetic analyses due to its
extensive intrageneric variation in the
Geoemyda group, we confirmed the unique
state mentioned above in this character in
Sacalia. Considering it as an autapomorph
of Sacalia, we regard both Mawremys and
Sacalia as valid.

Geoemyda group

In our results, the monophyly of the
Geoemyda group is supported by three
character states, absence ol the squamosal-
quadratojugal contact (7 [1]). absence of
the jugal-quadratojugal contact (8 [1]).,
and anterior neurals with shorter posteriot
sides (25 [1]). OF these, 25 (1) was constant
within the Geoernyda group exclusive of
Notochelvs, in which the anterior ncurals
had shorter anterior sides like those in the
Viguremys group and most batigurines
Hiravama (1984) depicted a sister group
relationship between Secalia and Notochelys
as supported by jugal-panctal contact, and
distinetly

sometimes  reaches the sevond

widened GOrst vertebral wihaeh
magina
The present stndy revealed that the jugal s
close 1o the parictal bu separated trom

m Notochelvs, while the two make t
contact i Sacafer The first verteb v

widened and usnally reached



marginal in Maureuiys japonica, the M.
leprosa species-group, Sacalia, and some-
times in Notochelys, M. annaniensis, M.
wmutica, the Cuora trifasciata species-
group, Cu. zhoui, and Melanochelys.
Thus, it is obviously inadequate to use
these characters to unite Sacalia and
Notochelys. In the present analyses, the
Notochelys-Cycleinys clade is supported by
three synapomorphic character states, and
we thus consider this relationship to be far
more likely than the Notochelys-Sacalia
monophyly.

Except for the position of Notochelys
(see above), our results largely support
Hirayama’s (1984) hypothesis in that they
also suggest: polyphyly of Cuora (sensu
lato) and validity of Cistocleminys; close
relationships among Cistoclerninys, Pyxidea
and Geoernyda; and polyphyly of Rhino-
clenmmmrys.  Sites et al. (1984), on the basis
of the analysis of allozymic variation
among 22 batagurid species, suggested that
Cuora and Cistoclemnrys are most closely
related to each other. This has been one of
the major reasons to regard Cistocleiniys
as a junior synonym of Cuora (e.g., Ernst
and Barbour, 1989; McCord and Iverson,
1991; Iverson, 1992). However, Sites et al.
(1984) examined very small numbers of
individuals for most species. The number
of loci examined in that study was also
very small. Our results showed that Cisto-
cleminys is related more closely to Pyxidea
and Geoernyda than to Cuora, although
Cistoclenmys, Pyxidea, and Geoemyda are
well differentiated from each other (Fig. 4).
Based on the external comparisons of
subspecies of Cistocleininys galbinifrons
and Pyxidea, Fritz and Obst (1997) con-
cluded that Ci. g. serrata is a distinct
species which narrows the gap between
Cuora (sensu lato) and Pyxidea. They
doubted the validity of both Cistoclemimys
and Pyxidea. However, the number of
specimens of Ci. g. serrata examined by
them was very small. Moreover, they did
not examine internal characters, in which

Cliaditatagpaiot, 202) 2000

we did find a number of remarkable differ-
ences among Cistoclemniys, Cuora, and
Pyxidea. We thus consider the three genera
to be valid.

The results of this study confirmed the
polyphyly of Rhinoclemirys as proposed
by Hirayama (1984), because they divided
Rhinoclenninys into two groups belonging
to different clades. Of these, Rhinoclem-
mys A consisted of two aquatic species,
punctularia and funerea, and two terres-
trial species, areolata and pulcherrima.
Rhiinocleminys B, on the other hand,
consisted of two terrestrial species with
unnotched, hooked beaks, annulata and
rubida, that were not united into a mono-
phyletic group by the parsimonious analy-
sis, but did constitute a single unit in the
NJ phylogram. We thus discuss the
relationship of these two Rhinoclemmys B
species below.

Based exclusively on the coloration and
the relative depth of the shell, Ernst (1978)
demonstrated that Rliinoclenimys (as Cal-
lopsis) can be divided into three groups,
the pulcherrima-rubida group, punctularia
group (as consisting of R. punctularia, R.
annulata, R. diademata, R. funerea, R.
melanosterna, and R. nasuta), and R.
areolata.  This grouping substantially
contradicts our results, especially in the
positions of R. annulata, R. pulcherrimna,
and R. rubida. Considering the remarkable
intersubspecific variation in those characters
in both R. pulcherrima and R. rubida
(Pritchard and Trebbau, 1984; Ernst and
Barbour, 1989), the grouping proposed by
Ernst (1978) is dubious.

Sites et al. (1981), in the assessment of
allozymic variation among R. areolata, R.
Sfunerea, R. pulcherriina, R. punctularia,
and R. rubida, suggested close affinity
among R. areolata, R. punctularia, and R.
Sfunerea, and distinct differentiation among
the areolata-punctularia-funerea assem-
blage, R. pulcherrima, and R. rubida. Our
results are in accord with those of Sites et
al. (1981) in showing close relationship
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among R. punctularia, R. funereo, and R.
areolata, but contradict the latter in
showing the sole divergence ol R. rubida.
Because the results of Sites ¢t al. (1981)
were derived from analyses of a relatively
small number of loci Tor very small sam-
ples, we consider that our results more
successlully reflect the phylogeny of Rhino-
clemmys.

The type species of Rhinoclennnys Fitz-
inger, 1835, 1s Testudo dorsata Schoepft,
1801, which is a junior synonym of R.
punctidario (sce lverson, 1992). Thercfore,
punctuloria and its relatives (areolata,
Sunerea, and pulcherrima) should be
retained under Rhinoclennnys, while rubida
(type species of Chelopus) and  annulata
should be moved to the resurrected genus
Chelopus Cope, 1870, which was formerly
regarded as a junior synonym ol Rhino-
clermys  (see Wermuth  and  Mertens,
1977).

Parallel evolittion of plastral hinge
Within the Bataguridae, a kinetie plastron
cquipped with a hinge between the pectoral
and abdominal was observed in five
geoemydine genera, Cistoclerinys, Cuora,
Cyclemys, Notochelys, and Pyxidea. Bram-
ble (1974) demonstrated distinct differences
in shell-closing mechanism between emydid
box turtles and bataguricd box turtles. He
argucd that in the Geoemydinac the
plastral hinge had evolved two times, in the
conunon ancestor ol Cistoclemmys, Cnora,
Cyclemys, and Pyxideo, and in Notochelys.
In addition, he noted that Heosemys had a
more developed musclus testoscapularis
(a muscle clement associated with the
closure of the anterior plastral lobe in the
batagurid box turtles: Bramble, 1974) than
the other geoemydines lacking a plastral
hinge. e thus suspected the derivation
of Cistoclemmys, Cnora, Crelemys, and
Pryxidee from a conunon Heosemyvs-like
ancestor, and, on the basis of this consider-
ation, united the five genera in the Heose-
mys group.  Fowever, our study showed

[§9)
~J

no distinct differences in the degree of
development of m. testoscapularis between
Heosemys and other “non-box” geoemyd-
ines (character 21).  Additionally, we did
not find any character to support mono-
phyly of the FHeosemys group, or of an
assecmblage of Cistoclemmys, Cuora,
Cyclemys, and Pyxidea. We thus consider
Bramble’s (1974) grouping as unnatural.

Bramble (1974) also suggested that plas-
tral kinesis of Notochelys arosc apart from
the Heosemys group. But he hardly
mentioned the difference in shell-closing
mechanism  between Notochelys and the
other batagurid box turtles. In adult living
speeimens, both anterior and posterior
plastral lobes of Notochelys are as movable
as thosc of Cyclemys but less movable
than those of Cistoclemmys, Cuora, and
Pyxideoe (Yasukawa, unpublished data).
Both Cyclentys and Notockelys have no
hinge in juveniles, while the other three
genera have a weak hinge even in juveniles
(Yasukawa, unpublished data). 1n contrast,
the very long anterodorsal portion of the
ihac blade, a condition uniquce to the
batagurids (character state 34 [1]: Fig. lc¢,
d), was obscrved only in Cistoclemmys.
The shape of the iliac blade appears to be
associated with the closure of the posterior
plastral lobe (Bramblie, 1974).  Wc thus
suspect that the most prominent difference
in shell-closing mechanism exists between
Cistoclernmys and the other geocemydine
box turtles, not between Novochelvs and
the others. fn the Geoemydinae, the plas-
tral hinge seems to have actually evolved
three times—in the Notochelvs-Cyelemvs
clade (Stem G3), Cuora (Stem M), and the
Pyxidea-Cistoclemmys clade (Stem Q)

In adult females of
lacking the plastral hinge, the bony connee-
tion between the lnpoplistron and carapace

some  batagurids

is replaced by a ligamentous connection
Such plastral Kimesis, sometimes cal
seaually dimorphie plastral Kinesis, s p
ably an adaptation for the passage ol
tively large cges which otherwise
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pass through the posterior opening between
carapace and plastron (Waagen, 1984;
Moll, 1985). Sexually dimorphic plastral
kinesis is present in Geoemyda japonica,
G. spengleri (see Yasukawa et al. [1992]),
G. silvatica (see Moll et al. [1986]), Heos-
emmys grandis (Yasukawa unpublished data),
H. spinosa (see Moll [1985]), Melanochelys
tricarinata (see Waagen [1984]), and Rhino-
cletinys spp. (see Pritchard and Trebbau
[1984]). Therefore, all members of the
Geoemyda group exclusive of Melanochelys
trijuga actually show plastral kinesis at least
in adult females. Considering its sporadic
emergences on the phylogenetic tree of
the Geoeinyda group, it is probable that
sexually dimorphic plastral kinesis repre-
sents a primitive condition in this group.

Taxonomic notes

Based on the strong plastral buttresses
in Mauremntys annamensis, Savage (1953)
revalidated the monotypic genus Annamn-
emys Bourret 1939, for this species. He
also suggested its close affinity to several
batagurines with strong plastral buttresses,
such as Batagur, Callagur, Hardella, and
Kachuga. On the other hand, Iverson and
McCord (1994), in the analyses of morpho-
metric variation in the East Asian Maur-
entys, regarded annamensis as the closest
relative of M. inutica, and synonymized
Annamemnys with Mauremys again. The
present study showed that the buttress of
M. annamensis is stronger than that of
other geoemydines, but much less devel-
oped than that of the above-mentioned
batagurines (see comments for characters
28 and 29). Except for the buttress, this
species shared most character states with
M. mutica, supporting Iverson and
McCord’s (1994) account (Table 1).
Assignment of this species to the genus
Mauremys was also supported by a recent
mithochondrial DNA study, which, how-
ever, suggested the closest affinity of M.
annainensis with M. iversoni rather than
with M. mutica (Honda et al., in press).

The NJ phylogram, while supporting the
aurocapitata-pani-trifasciata-mccordi-zhoui
assemblage, showed that Cu. amboinensis,
the type species of the genus, is highly
differentiated from the other congeners.
Such a relationship was also supported by
the cladogram as well. However, we found
no character states definitely uniting the
five species. Therefore, we do not further
divide this genus.

Of the currently recognized species of
Cuora (sensu lato), Cu. yunnanensis from
Yunnan, China, was not examined in our
study. Examining all syntypes (=all avail-
able specimens since the description by
Boulenger [1906]) of this rare species,
Ernst (1988) demonstrated a close rela-
tionship of Cu. yunnanensis with Cu. tri-
Sasciata. McCord and Iverson (1991) also
suggested a close affinity of Cu. yunnan-
ensis with Cu. trifasciata, as well as with
Cu. pani and Cu. aurocapitata on the
basis of morphometric comparisons
among all extant Cuora (sensu lato).
Therefore, we tentatively retain this spe-
cies in the genus Cuora (sensu stricto).

Geoemyda silvatica is an enigmatic
species endemic to the Western Ghats of
southwestern India (Das, 1991; 2001). Its
generic allocation has been in dispute.
Some authors assigned this species to
Geoemyda, while others assigned it to
Heosemys (see the Geoemyda subsection
in “Materials and Methods”). Such a
taxonomic confusion is probably attribut-
able to the paucity of studies directly
comparing specimens of G. japonica, G.
silvatica, and G. spengleri. We examined
representatives of all these species in
detail, and our results strongly suggest the
monophyly of the three species and the
validity of the G. japonica-G. spengleri
clade.

Of the currently recognized species of
Rhinoclemimys (sensu lato) R. welanosterna,
R. diademata, and R. nasuta were not
examined. They were once treated as
subspecies of R. punctularia, and then
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were clevated to full species (Pritchard,
1979; Pritchard and Trebbau, 1984;
David, 1994). Like R. punctularia and R.
Suuwerea, all of the three species are
aquatic and have a shallowly notched
upper beak (Ernst and Barbour, 1989). In
addition, a small foramen on the ventral
maxilla, which is suggested to be a unique
synapomorphy of the R. puuctularia-R.
Juuerea clade (35 [1]), was recognized in
juvenile specimens of R. welantosterna
and R. diademata (Hirayama, unpub-
lished data). We thus tentatively retain
the three species in the genus Rhinoclewurys
(sensu stricto).

Direction of future studies on the
geoemydine phylogeny

In this study, we attempted as compre-
hensive an analysis as ever made for the
phylogeny of the highly diversified subfam-
ily Geoemydinace by best use of morpholog-
ical information.

As a result, we established a best-
huting phylogenetic hypothesis at this
level (Figs. 3 and 4), and accordingly
suggested some changes in the classifica-
tion of this subfamily (sce above). Nev-
ertheless, our analysis Tailed to resolve a
number ol ingroup relationships. More-
over, our results, as well as our pre-
sumption of the batagurine monophyly,
substantially contradict the results of
recent preliminary molecular studies on
the batagurid phylogeny (c¢.g.. Sites ct
al., 1984; Shaller ¢t al., 1997: Wu ct al.,
1998; NMcCord et al., 2000; Honda ¢t al.,
in press).  In the Tuture, more compre-
hensive phylogenctic analyses ol Testu-
dinoidea  using  molecular  data  are
desirable to test and revise, when neces-
sary, the hypothesis and classification
herein proposed.
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APPENDIX

Specimens Examined.—Catalogue num-
bers of specimens deposited in reptile
collection of Kyoto University Museum,
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turtles collections of Madras Crocodile
Bank Trust, Biological collections of
Teikyo Heisei University, and private
collections of Ren Hirayama and P. C. H.
Pritchard arc preceded by KUZ R, MCBT,
THUb, RH and PCHP, respectively.
The other acronyms are those suggested
by Leviton et al. (1985).

Geoemydinae: Chelopus annulatus (2
speeimens) RH861-862; C. rubidus (1)
RH331; Cistoclemmys flavomarginata fla-
vomarginata (9) NSMT02087-02089, one
unnumbered  specimen  of OMNH-R,
KUZ R19561, 36752, RH; 53, 62-63, 430;
Ci. f. evelynae (4) NSMT02090-02092,
KUZ R36746; Ci. galbinifrons (7) KUZ
R36745, 36757, 36763, RH736-737, 750-
751; Cuora amboinensis amboinensis (2)
KUZ R36704-36705; Cu. a. Kkawarona
(13) KUZ R19583-19584, 36763, RH34-36,
519-520, 596-600, Cu. aurocapitata (4)
KUZ R36710, THUbI3-14, RH915; Cu.
mecordi (6) THUb21-22, RH935-936, 950,
981; Cu. paui (4) RH901-903, 987; Cu. tri-
Susciata (5) KUZ R 36709, RH219-222;
Cu. zhowi (4) KUZ R36706, 36711, RHS6S,
1001; Cyclemys spp. (11) KUZ R 36609,
36707-36708, RH134-139, 550-551; Geoe-
myda  japonica (13) NSNT02083-02086,
OMNH-R333-3334, two unnumbered spec-
imens  of OPM, KUZ R36720-36721;
RHA480-482; G. silvatica (6) FNINHS2513,
four unnumbercd specimens of MCBT,
PCHP2725; G. spengleri (12) two unnum-
bered specimens ol NSMT, USNNS4992,
KUZ RY994, 12630, 1939919401,
THUbI3, RHS847, 856, 857, Heosemys gran-
dis (3) KUZ RI19581, 36718, RIS581; FL
spinosa (4)y KUZ R36757, RHIS5-186,
266-267; Maurerys annaweasis (6) KUZ
R36700, RIl 936-939, THUbL 9; M.

caspica (1), RH666; M. japouica (10)
KUZ RI19575-19580, 36712-36715; M.
leprosa (2) RH453-454; M. wmutica kari
(5) KUZ R19524-19525, 19541, 19543-
19545; M. m. mutica (6) KUZ R19509-
19512, RH54, 194; M. rivulata rivalata (6)
KUZ R36716, 36761, RHS341-542, 888,
929-930; Melauochelys trijuga (10) KUZ
R36718-36720, four unnumbecred speei-
mens  of MCBT, RH238, 549, 557,
Notochelys platynota (6) KUZ R36721-
367222, RHS858, 869, 961-962; Pyxidea
mouhotii (5) KUZ R36723, RH240, 246-
247, 269, 273; Rhinoclemmys areolata (2)
RH654-656; R. funerea (3) 978, 985-986;
R. pulcherritna mani (5) KUZ R36724,
THUbI17-19, RHS835, 836; R. punctularia
(4) 239, 248, 457, 510; Sacalia bealei (2)
RH525-526; S. quadriocellata (2) KUZ
R36725, RH709; Sacalia sp. (2: skeletal
specimens not identified at the species
level) RH308, 524. Btagurinac: Batagur
baska (2) onc unnumbered specimen of
MCBT, RH 1002; Callugur borneoeusis (3)
KUZ R19560, RH287, THUDbI10; Chinewmys
reevesii (10) KUZ R 19591-19593, 36692-
36698; Geoclemys hawmiltouii (2) one
unnumbered specimen of MCBT, RHY20;
Frardella thurjii thurjii (3) KUZ R 36699,
36701, THUb3S; Hiererys auuandalii (3)
RH236, 587, Y28; Nachuga swithii swithii
(5) KUZ R 36759-36760, RH281, THUb4Y,
52, Mualavewmys subtrijuga (4) RI1140-143,
Morenia petersi (2) KUZ R 36702-36703,
Ocadia sinensis (4) R11201-202, 340-341;
Orlitia borneensis (1) RHUSTL; Siebenrock-
iella crassicollis (5) KUZ R36762; RHI16,
706-708.
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